(-)-T h eb a in e, Diels-Alder Reactions, X-Ray Diels-Alder reactions o f (-)-th eb a in e (1) as an electron-rich diene system with acceptorsubstituted ethenes gave rise to the cycloadducts 2, 3, and 4 in high regio-and stereoselectivi ties. Structural analyses were performed by high resolution N M R spectroscopy and, for the first time in the thebaine cycloadduct series, by X-ray crystallographic structural analyses o f the com pounds 2, 3 a , and 3b. In the reaction o f (-)-th eb a in e (1) with an in situ generated aryne, the anellated azocine derivative 5 was formed.
Diels-Alder reactions o f the opium alkaloid (-)-th eb ain e (1) as an electron-rich diene have been the subject o f several investigations, in partic ular in the field o f medicinal chemistry for the de velopment o f drugs with analgesic activities [1] [2] [3] [4] [5] . Recently, we have fulfilled the dem and for more precise inform ation on the stereochemistries of some reinvestigated and newly synthesized cy cloadducts o f thebaine by means o f high resolu tion 'H -N M R spectroscopy [6] . It was concluded that the /?-face endo approach [6] of the dienophile to the cyclohexadiene ring C in 1 is unambiguously favoured on steric and electronic grounds; m ore over, in the latter case, the experimental results are fully compatible with frontier molecular orbital considerations [6] . In the context of our current in vestigations on the cycloaddition reactions of var ious electron-rich heterocycles [7] , we are also con tinuing our studies of these special Diels-Alder reactions with (-)-th eb ain e (1), because the results will be of general interest for the future develop ment o f drugs.
In this paper, we describe some further DielsAlder reactions o f (-)-th eb ain e (1) with selected carbodienophiles and report the first X-ray crys tallographic structural analyses of Diels-Alder ad ducts o f thebaine. These structural investigations will most certainly shed new light on the some * Reprint requests to Prof. Dr. U . Pindur.
Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen 0932-0776/94/0200-0272/$ 01.00/0 times rather unclear and less convincing configu rational data given in the earlier reports [1] [2] [3] [4] and, last but not least, also provide incontrovertible sustenance for our recent, m ore detailed report [6] .
Results and Discussion

Synthetic aspects
(-)-T hebaine (1) reacts with divinylsulfone regio-and stereoselectively to furnish the DielsAlder product 2 (63% yield). No other isomeric cycloadducts were detected by TLC. However, this product was previously described in ref. [8] , but no fully convincing d ata for the (absolute) stereochemistry o f the newly formed stereocentres were given. The structure o f 2 has now been unambiguously elucidated by N M R spectroscopy and X-ray crystallography (see below and Fig. 2 ). According to semiempirical quantum mechanical AM 1 calculations [9] (for details see [6] ), the dienophile attacks the ß side of the diene system and the thus resulting en^o-transition state is energetically favoured by H OM O (diene)-LU M O (dienophile) interactions involving second ary orbital overlap [10] . In further experiments, we examined the Diels-Alder reactivity o f I towards some (E)-and (Z)-l,2-ethenedicarboxylates and found that 1 reacts with dimethyl and diethyl fum arate to give the cycloadducts 3 a and 3 b stereo selectively (by TLC) in 48 and 52% yields, respec tively. In these cases also, the stereochemistries were clarified by N M R spectroscopy and X-ray crystallography (see Fig. 3 ). In summary, the three performed X-ray structural analyses of products 2, 3 a, and 3 b are unique in the Diels-Alder chemistry of thebaine and further substantiate the structural investigations on the previous Diels-Alder adducts prepared from 1 [6] .
It is known that (Z)-dialkyl 1,2-ethenedicarboxylates are, in general, less reactive than their (£)-counterparts [12] . Thus, in our hands, dime thyl maleate reacted with 1 to give a lower yield (28%) of the cycloadduct 4 [11] , albeit stereoselectively. The stereoselective Diels-Alder reactions of (-)-th eb ain e (1) with these dialkyl 1,2-ethenedicarboxylates suggest the exclusive participation of a concerted mechanism.
Acetylenic dienophiles react, in some cases, with (-)-th eb ain e (1) via a one-bond addition and sub sequent piperidine ring enlargement reaction to 
4
yield polycyclic azocine derivatives [13] [14] [15] . We have now found that an in situ generated aryne is also able to effect a ring enlargement reaction in 1. Thus, (-)-thebaine (1) reacted with benzyne, read ily generated from diazotized anthranilic acid [16] , to give rise to the hexacyclic benzo [6] naphtho[2,l-<?]azocine 5, albeit only in 6% yield together with several other, less stable products. However, no normal Diels-Alder product could be isolated from crude reaction mixture. As a mechanistic ra tionale for this reaction, we propose a prim ary nucleophilic attack o f the piperidine nitrogen atom at one aryne sp-centre [17] , The thus formed interm e diate is then stabilized by heterolytic C 9 -N er-bond cleavage which initiates the piperidine ring enlargement reaction (for an analogous mechanis tic explanation, see ref. [14] ).
N M R spectroscopic investigations
The 'H and 13C N M R spectroscopic data of the new Diels-Alder adducts are fully compatible with the recently reported data [6] . Typical for the ster eochemistry of the Diels-Alder products is, for ex ample, the W-coupling of H5 with H 17 (approx. 1.20 Hz). Additionally, 'H ,'H NOE measurements are frequently useful to obtain more configura- tional details about the newly form ed stereocentres. In the case o f com pound 3 a, interatom ic distances were exemplarily analyzed by NOE ex periments (steady state NOE) and proton T, meas urements [18] . On the basis of a calculated (fixed) H -H reference distance (averaged distance H 5 -H ,H 1 5 a ,b by M M X molecular mechanics m ethod = 2.58 Ä [19] ), the configurations at C7 and C8 were established. In summary, the rele vance of more sophisticated N M R spectroscopic configuration analysis in the thebaine cycloadduct series is nicely illustrated by these studies in combi nation with the X-ray crystallographic results.
In the case o f the hexacyclic product 5, firstly the diagnostically relevant 'H ,'H N O E 's from H 17 to N 5 -C H 3 and vice versa (averaged H -H distance of approx. 3.2 Ä according to M M X force field calculations [19] , see also Experimental details for the structural analyses of com pounds 2, 3 a, and 3b are listed in Table I . The investigated com pounds all crystallized in non-centrosymmetric space groups, thus only one enantiom er is present in each case. As shown in Table II , the most im portant geometrical param e ters for the com pounds are all equal within the limits of accuracy and lie in the norm al range. The phenyl ring is approxim ately planar, the five-membered ring C4, C 12, C 13, C5, O 1 is twisted with C5 being above and C13 being below the least squares plane. As shown in Fig. 2 , it can be con cluded from the least squares calculations and from the values o f the torsional angles that the cyclohexane ring has the boat conform ation, while the piperidine ring takes up the chair conform a tion. The etheno bridge C 6 -C 1 7 -C 1 8 -C 14 is nearly perpendicular to the least squares plane of the cyclohexane ring.
Further details o f X-ray structural analyses can be obtained on request from the Fachinformationszentrum Karlsruhe, Gesellschaft für wissenschaft lich-technische Inform ation mbH, D-76344 Eggenstein-Leopoldshafen, Germany, on quotation of the deposition number CSD-57719, the authors names, and the full journal citation. /-m odulated spin echo spectra were obtained in all cases (Cp = prim ary, Cs = secondary, Ct = tertiary, and Cq = quaternary carbon atoms). The El (70 eV) mass spectra were recorded on a Varian MAT 7 spectrometer. Elemental analyses were performed by using a Carlo Erba Strumentazione 1106 apparatus. Melting points were measured with an Electrothermal 8200 instrument. Flash chrom atography was perform ed on Merck 60 sili ca gel (particle size: 0.040-0.063 mm). The petro leum ether used had the boiling range 4 0 -6 0 °C.
All reactions were performed in highly pure, an hydrous solvents. The yields given refer to analyti cally pure com pounds, some product loss occurred during chrom atographic work-up. .92 mmol) and tri chloroacetic acid (8.4 mg, 0.05 mmol) were sus pended in 20 ml tetrahydrofuran and cooled to 0 °C. To this mixture in over a period of 2 min was added isoamyl nitrite (1.6 ml, 11.8 mmol) at same temperature. After the mixture had been stirred at 20 °C for 1.5 h the precipitate was separated and purified by washing with tetrahydrofuran. The thus obtained o-benzene-diazonium carboxylate was suspended in dichlorom ethane. The resultant suspension was added in small portions to a refluxing solution of (-)-th eb ain e (1) We thank the Deutsche Forschungsgemein schaft (Bonn) for financial support of this work and are also grateful to H. K olshorn, Institute of Organic Chemistry, University of Mainz, for the special N M R spectroscopic measurements.
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